Abstract. Let K be a prime knot in S 3 and G(K) = π 1 (S 3 − K) the knot group. We write K 1 ≥ K 2 if there exists a surjective homomorphism from G(K 1 ) onto G(K 2 ). In this paper, we determine this partial order on the set of prime knots with up to 11 crossings. There exist such 801 prime knots and then 640, 800 should be considered. The existence of a surjective homomorphism can be proved by constructing it explicitly. On the other hand, the non-existence of a surjective homomorphism can be proved by the Alexander polynomial and the twisted Alexander polynomial. This work is an extension of the result of [8] .
Theorem 1.1 ( [8] ). The partial order "≥" on the set of prime knots with up to 10 crossings is given by The purpose of this paper is to determine this partial order "≥" on the set of prime knots with up to 11 crossings, because some phenomena require more higher crossing knots. There exist 801 prime knots with up to 11 crossings and then 640, 800 cases should be investigated.
The following is the main result of this paper.
Theorem 1.2. The partial order "≥" on the set of prime knots with up to 11 crossings is given by Remark 1.3. In this paper, the numbering of the knots with 11 crossings follows that of the web page "KnotInfo" [14] by Cha and Livingston.
In Section 2, we explain the recipe to obtain the main result. In Section 3, we put some problems. In Section 4, some tables used to prove Theorem 1.2 are described. Tables 1-7 are lists of surjective homomorphisms and Table 8 lists data to check the non-existence. This gives us a sufficient condition for the non-existence of a surjective homomorphism. By checking the divisibility of the Alexander polynomial, we prove the non-existence for many pairs of knots.
Next, we apply the twisted Alexander polynomial to the remaining pairs which cannot be proved the non-existence by the Alexander polynomial. In this paper, we make use of 2-dimensional unimodular representations of knot groups over finite prime fields. The twisted Alexander polynomial ∆ K,ρ (t), due to the Wada's definition, of K for a representation ρ : G(K) → SL(2; F p ) is defined to be a rational expression of one variable t over F p , where F p is the finite prime field of a characteristic p. See [17, 7, 8, 9, 10, 11] for the precise definition and properties. Proposition 2.3 is extended to the following for the twisted Alexander polynomial.
Proposition 2.4 (Kitano-Suzuki-Wada [7] ). Assume that there exists a surjective homomorphism ϕ : G(K 1 ) → G(K 2 ). Then for any representation ρ 2 : G(K 2 ) → SL(2; F p ) and ρ 1 = ρ 2 • ϕ, ∆ K1,ρ1 (t) is divisible by ∆ K2,ρ2 (t). More precisely, the denominator of ∆ K1,ρ1 (t) is same as the denominator of ∆ K2,ρ2 (t) and the numerator of ∆ K1,ρ1 (t) can be divided by the numerator of ∆ K2,ρ2 (t).
Finally we can prove Proposition 2.2 by applying Proposition 2.4. The authors code two programs of Mathematica and Java independently and obtain Table 8 , which is used to prove Proposition 2.2.
This completes the proof of Theorem 1.2.
Problems
Here we mention some problems related to the main result. (1) Simon's conjecture.
The following question is arisen naturally from Theorem 1.2.
If there exists a surjective homomorphism from G(K 1 ) onto G(K 2 ), then is the crossing number of K 1 greater than that of K 2 ? Theorem 1.2 follows the affirmative answer in case the crossing number is smaller than or equal to 11. It still remains open for higher crossing cases.
If the answer is affirmative in general, it turns out that Simon's conjecture [6] holds, which is a part of problems on surjective homomorphisms between knot groups. In particular, the following is called Simon's conjecture: For a given knot K, there exist only finitely many knot groups G for which there is a surjective homomorphism G(K) → G.
(2) 2-bridge knots.
Recently Ohtsuki-Riley-Sakuma [15] gave a systematic construction of surjective homomorphisms between 2-bridge link groups. As shown in Table 1 -7, we constructed surjective homomorphisms explicitly. It is a problem whether they are same with Ohtsuki-Riley-Sakuma's construction.
Remark 3.1. In [1] , it is announced that Simon's conjecture holds for any 2-bridge knot.
(3) Geometric meanings.
As we mention in the introduction, there are some reasons of the existence of surjective homomorphisms. In particular, it is important to determine which surjective homomorphism is induced by a degree one map. In other words, we should study characterization of surjective homomorphisms between knot groups induced by degree one maps.
Tables
Now we describe how to read the tables below. We always take a Wirtinger presentation of G(K) of a knot K:
For simplicity, we write a number representing a generator of G(K). For example, we write 1, 2, . . . , 10, 11 for the generators x 1 , x 2 , . . . , x 10 , x 11 and 12110 means a relator
10 . Here we fix the following presentations of the knot groups, which appear in the ranges of surjective homomorphisms. Under these notations, we give surjective homomorphisms to prove Theorem 1.2 in Table 1 -7. For any pair of knots with up to 10 crossings in Theorem 1.2, see the tables in [8] .
In Table 8 , we list the pairs of knots K, K ′ that there does not exist a surjective homomorphism from G(K) onto G(K ′ ). For example, there are 3 1 and some knots with a prime integer in the first row of Table 8 . Here 11a 6 (3) means that the non-existence of a surjective homomorphism from G(11a 6 ) onto G(3 1 ) is proved by applying the twisted Alexander polynomial of SL(2; F 3 )-representations in Proposition 2.4.
Remark 4.1. For the pairs of knots that do not appear in Table 1 -8, we can show that there exists no surjective homomorphism between their knot groups by using the classical Alexander polynomial. 11a 6 (7), 11a 8 (7), 11a 38 (11), 11a 58 (13), 11a 102 (7), 11a 103 (11), 11a 132 (7), 11a 135 (7), 11a 165 (11), 11a 181 (7), 11a 187 (7), 11a 199 (7), 11a 201 (11), 11a 249 (7), 11n 67 (7), 11n 68 (7), 11n 69 (7), 11n 72 (11), 11n 97 (7), 11n 100 (7), 11n 122 (7), 11n 139 (7) Continued on next page (7), 11a 161 (2) 11n 3 10 7 (7), 11a 59 (7) 11n 4 9 27 (7), 11a 196 (7), 11a 216 (7), 11a 286 (7), 11n 21 (7), 11n 172 (7) 11n 5 10 41 (7) 11n 6 8 2 (7) 11n 7 11n 131 (7), 11n 160 (7) 11n 8 11n 59 (7) 11n 10 11n 103 (5), 11n 144 (5) 11n 11 9 31 (5), 11n 22 (5), 11n 112 (5), 11n 127 (5) Continued on next page Table 8 Continued from previous page 11n 12 6 3 (7), 10 95 (7), 10 100 (7), 10 159 (7), 11a 8 (7), 11a 38 (7), 11a 44 (7), 11a 47 (7), 11a 79 (7), 11a 86 (7), 11a 109 (7), 11a 187 (7), 11a 197 (7), 11a 239 (7), 11a 249 (7), 11a 255 (7), 11a 326 (7), 11n 157 (7) 11n 14 11n 121 (2) 11n 15 
